Aims: Lack of chronic kidney disease (CKD) awareness is common. Recent data suggest that the presence of concurrent diabetes may heighten CKD awareness, but current data have not supported the hypothesis that healthcare delivery or insurance status improves awareness in the diabetic population. Diabetes is associated with high cardiovascular disease (CVD) morbidity, especially in patients with CKD. We hypothesized that a highly prevalent co-morbid condition such as CVD in patients with diabetes would predict CKD awareness. Methods: We utilized data from the National Kidney Foundation-Kidney Early Evaluation Program (KEEP TM ), a large screening program designed to identify high-risk individuals for CKD and promote awareness. Results: Among 77,077 participants, CKD was identified in 20,200 and diabetes in 23,082. Prevalence of CVD was higher in participants with than without diabetes (39.5 vs. 22.0%) and in stage 3-5 compared to stage 1-2 CKD (43.3 vs. 34.4%). Patients with diabetes and CVD had a higher level of awareness than those without diabetes (8.2 vs. 2.2%). Among patients with diabetes and CVD, the presence of congestive heart failure was a better predictor of awareness [odds ratio (OR) 1.84; 95% confidence interval (CI) 1.40-2.43] than endpoints such as myocardial infarction or stroke [OR 1.35 (95% CI 1.04-1.73) and OR 1.34 (95% CI 1.04-1.72), respectively]. Conclusions: While prevalence of CKD awareness remained low, our data suggest that in patients with diabetes the presence of CVD was associated with increased awareness in a targeted screening program for CKD awareness.
Introduction
Chronic kidney disease (CKD) is often silent until advanced stages of disease, and many individuals are unaware of the presence of CKD. Indeed, detection often occurs only shortly before the onset of symptomatic uremia. Previous population-based surveys conducted in the United States have suggested that CKD awareness is extremely low and most patients have not been effectively informed on their kidney disease by their medical professionals [1] [2] [3] . Although recent data from the National Health and Nutrition Examination Survey (NHANES) suggest that certain co-morbidities such as hypertension and diabetes may heighten awareness of CKD [1] , the heightened awareness in these studies was not associated with an increased access to health care and insurance, suggesting other factors might increase awareness in this population.
Diabetes mellitus is the leading cause of incident and prevalent CKD, accounting for about 30-40% of CKD and up to 45% of end-stage renal disease [4, 5] . Diabetes mellitus is also associated with several traditional Framingham risk factors for cardiovascular disease (CVD), such as hypertension, obesity, dyslipidemia, tobacco use, and increasing age, which collectively predict a very high CVD morbidity and mortality [6] [7] [8] . Recent data suggest that co-morbid conditions might increase control rates for certain disease states [9] . Therefore, we hypothesized that the presence of co-morbid CVD in patients with diabetes would predict increased CKD awareness. To evaluate this, we utilized the National Kidney Foundation (NKF)-Kidney Early Evaluation Program (KEEP TM ), a large-scale, community-based screening program to promote awareness in a targeted population at risk for CKD [10, 11] .
Methods

KEEP Participants
The study population included only eligible KEEP participants from August 2000 through December 31, 2007, from 47 NKF affiliates and 1,966 screening programs in 49 states and the District of Columbia. Our KEEP study cohort includes 77,077 eligible participants with non-missing values for CKD stage and diabetic status. A complete description of the KEEP has been published previously [3] .
Definitions
We applied common definitions for co-morbid conditions across analyses and data sets, with some exceptions (table 1, 2). In the KEEP data, diabetes was primarily defined as a history of diabetes (self-report or retinopathy), use of medications to treat diabetes, or newly diagnosed diabetes defined as fasting blood glucose 6 126 mg/dl or non-fasting blood glucose 6 200 mg/dl in the absence of self-report or medication use.
Estimated glomerular filtration rate (eGFR) was calculated using the isotope dilution mass spectrometry (IDMS)-traceable version of the Modification of Diet in Renal Disease (MDRD) 4-variable study formula [12] , and serum creatinine was calibrated according to the Cleveland Clinic Research Laboratory [13] . CKD stages were defined as follows: stage 1, eGFR 6 90 ml/min/ Hypertension was defined as self-reported history of hypertension, use of medications to treat hypertension, or newly diagnosed hypertension (Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure; JNC 7) [14] , defined as systolic blood pressure 6 130 mm Hg or diastolic blood pressure 6 80 mm Hg for patients with a history of diabetes or CKD, and in the remainder defined as systolic blood pressure 6 140 mm Hg or diastolic blood pressure 6 90 mm Hg.
CVD was defined as self-reported history of heart attack, heart angioplasty, bypass surgery, heart failure, abnormal heart rhythm, or stroke. We defined obesity as body mass index 6 30, and dyslipidemia as cholesterol 1 200 mg/dl or triglycerides 1 150 mg/dl (fasting or non-fasting). Awareness of CKD was defined as an affirmative response to the KEEP questionnaire question, 'Have you ever been told you have kidney disease?' (the questionnaire includes additional yes/no questions about kidney stones, bladder infections, and polycystic kidney disease).
Statistical Analysis
Demographic characteristics of the participants were described in the KEEP cohorts according to CKD and diabetic status. Diabetic KEEP participants with CKD were also characterized by CKD stage and awareness. Among participants with diabetes, demographic characteristics, risk factors (including smoking status, obesity, hypertension, CVD, proteinuria, and dyslipidemia), and measurements of kidney function, including albumin-creatinine ratio and eGFR, were reported by proportion stratified by CKD stages and CKD awareness. In univariate analysis, awareness of CKD was calculated by prevalence of CVD and proteinuria stratified by diabetes status.
We performed multivariate logistic analyses with awareness of CKD as the dependent variable for persons with and without diabetes, and for all cohorts. Predictors were myocardial infarction (MI), stroke, percutaneous intervention (PCI), coronary artery bypass graft (CABG), and congestive heart failure (CHF) controlled for variables such as age, gender, race, hypertension, dyslipidemia, proteinuria, and body mass index. A p value ! 0.05 indicated statistical significance.
Results
The demographics of this population have been described previously [3] . Briefly, among the 77,077 KEEP participants, 20,200 with CKD and 23,082 with diabetes were identified. The age distribution was comparable for KEEP participants with and without diabetes. Prevalence of diabetes was higher among CKD than non-CKD participants (40.7 and 26.1%, respectively). Educational achievement was higher among diabetics versus non-diabetics. Insurance coverage was similar between diabetic and non-diabetic participants with similar access to providers in the two groups.
There were 7,853 KEEP participants with diabetes and CKD ( table 1 ) . Awareness among diabetic patients with CKD was low at 9.4% (736 of 7,853 participants), being 6% in patients with CKD stages 1 and 2 (154 of 2,548 participants), and 10.9% in those with later-stage CKD (582 of 5,305 participants). While KEEP participants with diabetes and CKD had a higher level of education and insurance coverage, education and health insurance status were similar based on the level of CKD awareness. However, in CKD stages 1 and 2, there was a higher prevalence of education among those with high CKD awareness, which was not observed in later stages. In all diabetic CKD participants, the presence of co-morbid conditions was similar in those with and without CKD awareness, except for the presence of increased selfreported CVD.
Consistent with previous reports on CVD prevalence, the prevalence of CVD was higher in participants with than without CKD (39.5 vs. 27.1%), and a similar pattern was observed in those with and without diabetes (39.5 vs. 22%; fig. 1 ). We explored this relationship in the context of CKD awareness ( fig. 2 ) . The presence of diabetes was associated with an increased prevalence of CVD in both those with and without CKD awareness. Prevalence of CVD was increased in participants aware compared to those unaware of CKD (53.7 vs. 38.5%; fig. 2 a) . The increased CVD prevalence among those with CKD awareness was apparent in both early-( fig. 2 b) and late-stage CKD ( fig. 2 c) . However, the association was stronger in latecompared to early-stage CKD (57 vs. 41%).
Among KEEP participants with diabetes and CVD, there was heightened CKD awareness compared to those without diabetes and without CVD (8.2 vs. 2.2%; fig. 3 a) . Indeed, although diabetes increased awareness in those with CVD, there was a higher prevalence of awareness in diabetics with CHF (14.9%) compared to those with self-reported MI (9.1%), PCI (10.9%), CABG (10.2%), or even stroke (8.9%; fig. 3 b) . Similarly, prevalent CVD predicted CKD awareness in diabetics in multivariate analyses, with CHF being the strongest predictor of CKD awareness (odds ratio 1.84; 95% confidence interval 1.40-2.43; table 2 ).
Discussion
In this report of the KEEP, as in other reports of epidemiologic studies of CKD patients, awareness of CKD was low [1, 2] . Two factors, however, appear to increase CKD awareness: prevalent diabetes and prevalent CVD. Indeed, we found that among individuals with diabetes and CKD, prevalent CVD was associated with an increased CKD awareness. As the presence of diabetes was not associated with an increased delivery of healthcare or insurance status, our data suggest that co-morbid CVD explains why diabetes predicts an increased level of awareness.
Consistent with other reports, we found that CKD awareness was disturbingly low, namely ! 10%, in the general KEEP population [2, 3] . Recent work to validate identification of CKD stages 1 and 2 may enhance the ability to effectively detect, identify, and/or commu- nicate the necessity of screening for CKD or referral to a nephrologist [15] . Furthermore, it has been suggested that the extremely high CVD mortality rate associated with CKD negates the need for management (and, hence, communication of diagnoses) of CKD at earlier stages. Nonetheless, the awareness of CKD was only slightly higher in this population at advanced stages of CKD, with only 10.9% of those with an eGFR ! 60 ml/min/1.73 m 2 being aware of any kidney dysfunction. Dia betes is defined as self-reported history of DM, treatment for DM, fasting blood glucose ≥126 mg/ dl, or non-fasting blood glucose ≥200 mg/dl. 1 Logistic regressions for persons with diabetes, without diabetes, and all cohorts, respectively. Awareness of CKD is the dependent variable (1 = yes, 0 = otherwise). Predictors are MI, stroke, PCI, CABG, and CHF; controlled variables are: risk factors (hypertension, dyslipidemia, proteinuria, and obesity), age, gender, and race. In this analysis of the KEEP data, CKD awareness was higher in patients with prevalent CVD and approached 15% in patients with heart failure. In fact, about half of the individuals in this cohort aware of their CKD status had concomitant CVD. This higher level of awareness is especially noteworthy given that healthcare delivery did not seem to increase awareness in the general diabetic population [3] . The data presented here suggest that, despite numerous programs designed to increase CKD awareness in the United States, awareness is only achieved in the presence of a serious co-morbidity. In this cohort, individuals were more likely to be aware of CKD if they were diabetic, and the level of awareness among diabetics increased significantly if they also had previous diagnoses of heart disease.
As we and others believe that CKD awareness is unacceptably low given the high morbidity and mortality associated with kidney disease [1] [2] [3] , we should seek to understand why diabetes and CVD diagnoses heightened awareness. One possible explanation is that individuals with diabetes and CVD may be more likely to have family members with similar illnesses, including kidney disease. A family history of CKD should increase individuals' knowledge about kidney disease and their desire to communicate with healthcare professionals about the status of their kidney function. Looking specifically at prevalent CVD and its impact on CKD awareness, we speculate that many individuals with CVD diagnoses are informed by their caregivers about the potential risk of CVD-associated diagnostic tests (e.g. cardiac catheterization) and treatments (e.g. renin angiotensin system blockade) to their kidneys, especially if renal function is already impaired. Both of these possible explanations highlight the importance of the communication between caregiver and patient to increase CKD awareness.
This study has several limitations. While we have data on participants' overall awareness of CKD, we do not know how these participants became aware of their diagnoses and at what stage of the disease this awareness developed. We and others believe that disease awareness should improve long-term outcomes; for example, an individual who is aware of his or her CKD diagnosis may be more likely to avoid nephrotoxic medications or to adopt a low-salt diet. However, we do not have follow-up data on these participants to determine if those with CKD awareness actually fared better than those without awareness regarding kidney function, cardiovascular health, and overall mortality. Finally, because the data collection was not repeated, we were forced to assume that abnormalities in serum creatinine and urinary albumin excretion were measured appropriately and represent chronic disease states. In clinical practice, such tests should be repeated and shown to be persistent for at least 3 months to make a diagnosis of CKD. Therefore, it is conceivable that participants who were unaware of CKD in this analysis would not, on repeat testing, have chronic insufficiency.
In conclusion, this report from the KEEP reinforces the overall low awareness of CKD among individuals with early-and late-stage kidney disease. A diagnosis of diabetes increased awareness of CKD, as did prevalent heart disease. Awareness approached 15% in individuals with concomitant diagnoses of diabetes and CHF. While this is still unacceptably low, this higher awareness suggests that a high level of co-morbidity does facilitate caregiverpatient and/or provider-patient discussion about kidney function.
